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4370539 A, 25.01.1983. US 5210392 A, 11.05.1993. MHTMH B.C. HopoiiJKOBa* NteTaruryprM* m Hanbi/iemie 
nOKpbrmA. - M.: MeTannyprvi*, 1987, c.632 - 635. J1MTBAK Jl.r. CBH-pa3p*A BbicoKoro AaoneHivi b nyiicax 
aneicrpoMarHHTHbtx bojih: C6ophmk HaynHbix Tpyaoe. - ropbKHM, 1988, c.141 - 142. 



(54) CnOCOB TEHEPAMMM nilA3Mbl M YCTPOMCTBO flJlfl ETO OCyiUECTBJlEHMfl 

H3o6peTeHne othocmtca k nna3MeHHOM tbxhmkb, a tomhb© k cpeACTBaM Ana reHepnpOBaHna ruiasMbi c McnoJib30BaHMeM BHeiuHMX a/ieicrpoMarHMTHbix no/ieii 
CBepxBbicoKoi* HacTOTw m npeAHa3HaMeHO Ana ncnonb30BaHHH b Ma/iOMomHux m Jienco TpaHcnopTMpyewibix, cosflaKHMMx CBM-nna3My ycraHOSKax, KOTOpbie MoryT 
6uTb Mcnojib30BaHbi b caMbix pa3Hbix oTpacnwx, Hanpuwiep n/iasMeHHan o6pa6oTKa noBepxHocru MaTepwanoB, sKOJiorMMecicafl OMwenca ot epeAHwx npKMecew 
bw6pocob npoMbiuuneHHbix m GbiTOBOro xapaicrepa, b MeAKUMHCKHX w 6wojiorwHecKMx npunoateHMflx h t.a. CymHOCTb M3o6peTeHMH 3axnKwaioTCH b tom, hto 
B03f>y>KAaK>T Kone6aHnn Ha HacroTe, cooTBeTCTByiomeM pe30HaHCHoti ^acTOTe cwcreMbt, o6pa30BaHHow mctomhmkom CBM-wanyMeHMfl (MarvieTpOHOM) 1m 
pe30HaTOpOM 3, onpeAe/wfOT oo/iac™ nyHHocTM ycTaHOBMBUjeMca cTOHMetf bojih w m HanpaB/ieHne KO/ie6aHWM a/ieiapMHecKoro Beicropa b pe3OHaT0pe, KOTOpbm 
coeAMH«K)T c pa3p*AHOM Kawiepoii 6, ycTaHaB/iMBaKDT Me*Ay hmmm cunbHyio CBH3b, b pa3pflAHoi4 Kawiepe wccneAyWT pacnpeAeneHwe a/ieicrpoMarHMTHoro norm, 
cpMKCMpyn 06/iacTM nyMHOCTM, pa3Mema»OT MHMUMaTop 4 b 06/iacTW nyMHocrvi pe30HaTopa w paspaAHoii icaMepw, npw 3tom opueHTMpyioT ero oTHOcwTe/ibHO 
HanpaBJieHMfl KoneoaHM* ajieKTpMMecKoro BeKTOpa b pe30HaTOpe, nocne nero 8036y»<AaK>T KOJie6aHMfl na MacroTe, cooTBeTCTByiomeM pe3OHaHCH0M nacTOTe 
cucTBMbj hctomhmk CBH-M3/iyMeHMJi - pe3OHaT0p - MHMi4M3Top - pa3pj*AHafl tcawiepa, yBejiMMMBan HanpaweHHOCTb 3/ieKTpOMarHMTHoro nonfl ao Benmunu, 
npeBbiuiaioineM npo6oiiHyK) HanpH*eHHOcrb a** ra3a, 3ano/iHJ?K>mero pa3pfWHyio Kaiuiepy, MHMUMMpya tqm caMbtM pa3p«A, m BoaAewcrBneM CBH-MSJiyMeHM* 
reHepMpyioT n/ia3My. TexHvmecKMM pe3y/ibTaT - ooecneneHMe cra6M/ibHOCTM v\ ycroMMMBOCTM reHepauuM pa3p«Aa Ann 4x)pMnpoBaHMR HenpepbiBHoro noTOKa 
nna3Mbi b hk>6ov\ ra30BOM cpeAe. 2 c. h 12 3.n. cjwibi, 5 mji. 

OflMCAHUE H30BPETEHM^ 



M306peTeHvte othocmtca k ruiasMeHHOti TexHMKe, a TOMHee k cpeAcrsaM ann reHepnpOBaHM« nna3Mbi c Mcno/ib30BaHneM bhbujhmx ajieKTpOMarHMTHbix noneii 
csepxBbicOKOM nacTOTbi, m npeAHa3HaHeHO mm ncno/ib30BaHn» b ManoMomHbix m nerKO TpaHcnopTMpyeMbix, co3AaK>mnx CBM-nnasMy ycTanoBKax, KOTOpwe MoryT 
6biTb MCno/ib30BaHbi b caMwx pa3Hbix OTpacnnx, Hanpuwiep. t3kmx kbk nna3MeHHaa o6pa6oTKa noBepxHocru MaTepwa^OB, SKO/iorMMecKan OMMCTKa ot BpeAHwx 
npuMecew Bbi6pocoB npoMbiiijneHHwx m 6brroBoro xapaiaepa, b MeAMMMHCKMX m 6no/iorvwecKnx npujiOKeHUJix m t.a. 

BaxHefttueM npeAnocw/iKOM acJxtJeKTMBHoro npaicrnMecxoro Mcno/ib30BaHHfl rma3Mbi CBM-pa3p«Aa JiBJi«eTCfl CTa6MJibHocrb ee reHepauMM npw bosmo>kho oonee 
HM3Kvtx ypoBHHX Ha nps>KGH hoctm 3/ieKTpwwecKoro norm BonHbi K3K b MMny/ibCHbix, TaK h b HenpepwBHbix pe)KMMax reHepauMM. OTcyTCTBue CTa6njibHocTM renepauMM 
n/ia3Mbi npaicniMecKM no/iHOCTbK) 3aKpbiBaeT bo3mo?khoctm ee npHMeneHvui b TexHO/iorviHx, a pa6oTa npn bwcokhx ypOBH^x ajieKTpvmeciaix no/ieii npMBOAMT k 
Heo6xoAMMOCTM Mcn0Jib3OBaHM* MomHbix m AoporocTonmMx CBM-ycTaHOBOK, MMewmMx k TOMy >Ke noHMJKeHHWM pecypc paooTw m paooTaiomMx, K3K npaBH/io, B 
M30JinpoBaHHbix 6oKcax, 3amniua»ou4Mx nepcoHa/i ot peHTreHOBCKnx m CBM-M3flyMeHnii. 

Kan npaBuno, ana ocymecTB/ieHMn 3tmx ctiocooob ncnojib3yK)TCfl n/ia3M0TpOHw, coAep)KamMe renepaTop CBM, bojihoboa Ana nepeAanw mouahoctm k oSnacTM rAe 
o6pa3yeTCR m noAAepwHBaeTca n/ia3Ma [nopoiuKOBafl MeTan/iyprufi m Hanw/ieHne noKpwTMiVnoA peA. A- t.h. npot})- B.C. MwTMHa.- M.: MeTa/uiypnifl, 1987, c. 
631-635; naTeHT CUJA N 4370539, MKH 6 B 23 K 9/16, HKM 219/121 PW, 3a«B. 07.10.80, ony6. 25.10.83; naTeHT CUJA N 5210392, MKM 6 B 23 K 9/00, HKH 
219/125.52. 3aflB. 07.11.90, ony6. 11.05.93]. 

B KaMecTBe Tanoii o6nacrn iwio>KeT 6wTb ncno/ib30BaHbi saKyyMHaa KaMepa, pe30HaTOp w/iw npocTO Tpy6Ka, nepeceKaioman bojihoboa. 

rioAo6Hbie ycraHOBKM TpeoyioT cnemiajibHbix cpeACTB ajih MHMunauviM n/ia3MeHHoro pa3pnAa, HanpMMep noHWKeHwe AaBneHM« ra3a ao npoooiiHoro, cSJuoKeHMe 
3/ieKTpOAOB, BHeniHflfl noAana MCKpw b 30Hy o6pa30BaHMJi nna3Mbi mjim HenocpeACTBenHoe 3aMbJKaHne a/ieirrpoAOB. Bee 3tm cpeACTBa no3BO/i«K)T no/iywMTb 
MHoroKpaTHyw MHHunaMMK), ho Mcnonb30BaHne mx npuBOAMT k SbicrrpoMy pa3pyujeHMK) sjiexTpOAOB. 




(71) 3aflBMTe/ib(n): 
KopnarMH K)pMM 
BnaflHMMpOBMH; 
ToeapniuecTBO c 
orpaHMneHHOM 

OTBeTCTBeHHOCTbKJ 
"KOMapOB M Ko., JlTfl." 

(72) ABTOp(w): KopnarviH 
IO.B. 

(73) naTeHTOo6jiaAaTejib(n): 
KopnarMH K)pMH 

BiiaAMMHpOBMM; 
TOBapMLUeCTBO c 

orpaHHHeHHoii 

OTBeTCTBeHHOCTblO 

"KoMapos m Ko., XTm." 

AApec A/ia nepenwcKM: 
143080, MoCKOBCxa* 
o6n., noc. JlecHOM 
ropoflOK, y/i. 
<PacaAHan» A.8/5, 
kb.16, KopnarMHy K).B. 
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TopeHne n/ia3Mbi b tskmx ycraHOBKax HeycTOMMMBO, b tom oryMae. ec/m ohs noracHeT, Ann ee noflrciira Hy>KHa hobsr BHeujHnn nHMunauMfl pazpwa. 

KpOMe TOrO, 6onbWMHCTBO T3KHX yCTpOMCTB rpOM03AKM, M flHA MX MCnOJ1b30BaHMH HeOOXOAMMO Ha/lMHUe TSKMX CpeACTB, KSK BaKyyMHafl CUCTeMa, CMflOB3« 

ycT3H0BK3 ycTaHOBjieHMA bwcokom HsnpjweHHOCTM CBM, a T3K*e cpeACTsa 33lmmtw ot CB4-M3JiyMeHMfi, mto 3HaMMTenbHO ycno)KHfleT Mcnonb30BaHMe, 
oco6€hho Ann TaKMx o6ji3creM, K3K mcamumhs, toBenvipHoe Reno m T.n. 

M3BecTeH cnoco6 reHepsMMM njis3Mbi, 3skjuom3k>lhmmch b tom, mto c noMOiMbio aJieicrpoMsrHMTHOM bojihw CBM-Anana30Ha b ra30BOM cpeAe co3AaK)T 
nHMUMMpoBaHHbiM paspflA m renepMpyiOT nnasMy. CTa6njibHafl reHepsuMn anasMw b ra30B0M cpeAe npn BoaAeiicTBMM Ha Hee aneicrpoMarHMTHOM CBH-bojihom 
npOMCXOAMT npw n p e b w lubh m m HsnpRweHHOCTM ajieKTpMMeacoro nonn bo/ihw nopora sswMraHMn caMOCTonTenbHoro pa3p«Aa (CoopHMK HayMHWx TpyAOB/noA peA. 
Jl.r. JlMTBaica. CBM-paspnA BwcoKoro AaB/ieHMji b nyMicax anexTpoMamMTHbix Bonn.- ropbKMM, 1988, c. 141-142). 

Ann pea/iM3auMM 3toix> cnoco5a b oojisctm nns3Moo6pa30B3HMfl pa3wemaK)T mhmumstop. l/lcnojib30B3HMe mhmumstods b HecKonbKo pa3 noHiwaeT nopor 
renepsMMM nns3Mw b 33bmcmmoctm ot ASBneHM* ra3a. BMecre c TeM npocTpaHCTBeHHo-BpeMeHHsa CTa6mibHOCTb BOcnpOM3BeAeHMn CBM-pa3pnAa bo mhoh/ix 
cnyManx 0Ka3WBseTcn Becbiwia HeyAOsneTBopMTenbHOM. 3to HercenaTe/ibHoe cbomctbo nHMLtnnpoBaHHoro pa3p«Aa ocooeHHO «pico nponBjineTcn npn noHM*eHMM 
HanpwKeHHocTM ajieiapuMecKoro non* CBH-M3/iyMeHMfl m npenaTCTByeT npsKTMMeocoMy Mcnonb30BSHMn roiS3Mw ps3p*Aa c xapsKTepMCTMK3MM, HSXOAmUMMMC* 8 
oojisctm HecTa6MJibHOM reHepauMM nns3Mbi. 

l/l3BecreH cnoco6 reHepsujiM nji33Mw, 33Kn»oMSK)mMMC* b tom, mto b ra30BOM cpeAe c noMombK) ajieKTpoMarHMTHOM bojihw CBH-AMSna30Ha co3A3K>t 
MHMUMMpoBaHHbifi pa3p*A, renepMpyKJinMii rui33My, nocne co3ASHM* D33pnAa 4>MKCnpyioT nonyMeHHy>o CTpyirrypy pa3p«fla, BWAe/wiKrr nepMOAMMecKM 
noBTOpflKMMMMCfl sneMeHT crpyKTypu m pa3MeiMaK)T b oojiacrb nna3Moo6pa30BSHMfl mhmumstop, reoMeTpuMecxne nspSMeTpw m <Jx>pMa KOTOporo machtmmhw 
nepwoAMMecKM noBTOpntomeMyc* 3/ieMeHry crpyKTypbi pa3pnAa npM ero 4>MKcaLiMM. 

Ann ocymecTB/ieHun cnoco6a wcno/Tb30B3HO ycTpoiicTBo, coAepxoutee CBH-ManyMSTenb, 3snoriHeHHyK> ra30M pa3pnAHy>o Kawiepy n p33MemeHHWM b Heu 
MHMt4naTop, (JxjpMa m reoMeTpvmecKMe napaMeTpw KOToporo noAo6paHbt MAeHTMMHWMM 3/ieMeHT3M crpyioypbi D33p«Aa [naTeHT P<D N 2046559, MKM 6 H 05 H 1/46, 
3aflB. 30.12.92, ny6n. 20.10.95. EH N 29]. 

3tot cnoco6 no3BOJiaeT AOcraTOMHo xopomo noHM3MTb nopor npoooji, ho ecnn AaaneHMe b ra3opa3p*AH0ii icaMepe nopjiAKa mjim Bwtue aTMoafeepHoro, TpeGyeTCfl 
OMeHb BbicoKan HanpfljKeHHOcrb 3/ieKTpnMecxoro no/ifl m cooTBeTCTBeH ho oneHb oonbiusfl noABOAMM3« MOiuHOCTb Rna mhmmmsumm pa3p*Aa b ra3e npw bwcokom 

AdBXieHMM. 

KpOMe Toro, KajKAWM ps3 npn M3MeHeHnn ncno/ib3yeMoro ra3a mjim ero paooMero AaB/ieHMq neo6xoAMMO MeHjrrb KOH0nrypaunK) MHMUMaTopa. mto 3H3HMTenbHo 
ycnoxHneT ero npaKTunecKoe Mcnonb30B3HMe. 

3aA3neM Hacro«iMero M3o6peTeHMfl AB/ifleTCfl o6ecneMeHne cTa6M/ibHOCTM n ycTOMMMBOCTM reHepsuMM pa3pnAa rim 4x)pMnpoBaHHM HenpepHBHoro noTona n/i33Mbi 
b nroooM T330BOM cpeAe nyreM aBTOMaTMnecKoro B03o6HOB/ieHkm mhmumsmmm n/i33Mb» npn jik>6om AaB/ieHMM rssa m ncn0Jib3OBaHMM MajioMomHbix mctomhmkob 
CBM-M3nyHeHMfl. 

nocT3BJieHH3Ji 3aAaM3 peiuaeTCfl TeM, mto b m3B8cthom cnocooe reHepamin n/i33Mw, saiaiKwatouieMcn a MHMUMMpoBaHWM pa3pRAa b ra30BOM cpeAe c noMombK) 
3/ieirrpoMarHiiTHOM bo/ihw CBM-AMana30H3, wcno/ib3yK)T ManoMOLLiHbiM mctomhmk CBM-M3JiyMeHMfl, nanpfl)KeHHOCTb aneiapoMarHMTHoro no/w KOToporo nOBbiiuaioT, 
A/in Mero ncnonb3y»oT oCbeMHbifi pe30HaT0p, ycTaHaBnuBawT cw/ibHyio cB«3b Me^Ay ncTOMHMK0M N CBM-M3JryMeHMfl n pe30HaTopoM, B036y?KA3K)T KoneSsHUfi Ha 
nacTOTe, cooTBeTCTBytouiew pe30HaHCHOM MacroTe cMcreMbi, o6pa30B3HHOM mctohhmkom CBH-n3nyMeHM« m pe3OH3Top0M, onpeAe/iHKJT o6ji3Ctm nynHOCTM 

yCT3H0BMBUieilCfl CTOHMeM BOJlHbl M H3np3BJieHHe K0/ie63HMM 3/ieKTpMMeCKOrO BeKTOpa B pe30H3TOpe, KOTOpbIM COeAMHflHDT C pa3D5VlHOM KaMepOM, yCTaH3BJ1HBai0T 

Me*Ay hmmm cMjibHyio CB«3b, b pa3p*AHOM KaMepe nccneAyK>T pacnpeAeneHMe aneicTpOMarHMTHoro no/ia, 0MKCMpyn o6/i3crvi nyMHocru, pssMemawT MHvmwaTOp b 
o6nacTM nyMHocru pe30H3TOps m pa3pnAHOM KaMepbi, npM 3tom opneHTMpyiOT ero oTHocwTe/ibHO HsnpsB/ieHMH Kor»e63HHM aneicTpHMecxoro Beiaopa b pe30HaTOpe, 
nocne Mero B036y»<A3K>T K0Jie63HMfl na MscroTe, cooTBeTCTByiomeM pe30H3HCH0ii MscroTe cucreMbi mctomhmk CBM-ManyMeHMfl - pe30HaTop - mhmi4M3top - 
p33p«AH3« KaMepa, yBe/iMMMBa« HanpjwKeHHOcrb 3/ieKTpoMamMTHoro no/w ao bcjimmmhw, npeBbiiuaioiMeM npo6oMHy»o HsnpsmeHHOCTb a^« rasa, 3anonHj?K)mero 
paspHAHyio icaMepy, MHMUMMpyq TeM caMbiM pa3p«A, m B03AeMCTBMeM CBH-M3nyMeHM« reHepMpyiOT nnasMy. 

KpoMe Toro, nocrsBneHHSfl 33AaM3 pewseTC* TeM, mto ycrrpoMCTBO an* ocymecraneHMfl cnocooa reHepauMM ruia3Mbi, coAepjKamee mctomhmk CBM-ManyMeHMn, 
3anoriHeHHyK> ra30M p33pJ?AHyK) KSMepy m pasMeiMeHHbiM b Hen mhmlim3top, Bbino/iHeHHWM M3 TOKonpOBOA«mero MaTepM3Ji3, Aono/iHeno o6"beMHbiM pe30H3TOpOM, 

3 MHMUM3TOP yCT3H0BJieH OAHOBpeMeHHO B nO/lOCTRX p33pflAHOM K3Mepbl M pe30H3TOp3, npM 3TOM KOHen MHMUMSTOpa, pSCnOJIOJKeHHbIM B p33p«AH0M K3Mepe, 
D33MemeH B 06/13CTM nyMHOCTM, yCTSHOBMBIUeMCfl BHyTpM D33pflAH0M KaMepbi CTOHMeM BOJlHbl, 3 APYrOM - nOMeiMeH BHyTpM pe30H3TOp3 B 06/13CTb nyMHOCTM, 
yCTSHOBMBUJeMCfl B HeM CTOflMeM BO/lHbl, 3 B K3MeCTBe MCTOMHMK3 CBM-M3JiyMeHMJl MCnOnb30BaH CBM-MameTDOH, p30OM3« MaCTOTa KOTODOrO COOTBeTCTByeT 
pe30H3HCH0M M3CT0Te O6beMH0rO pe30H3TOp3. npM 3TOM M3nyM3K>mMM 3/ieMeHT CBM-M3meTpOH3 p3010J10>KeH BHyTpM oSteMHoro pe30HaTOpa. 

OrrrMMa/ibHoe yBe/iMMeHMe Hanpn>KeHHOCTM 3/ieKTpMMecKoro no/in mokct 6wTb no/iyMeHO, ec/iM KOHeq mhmlimstops, HaxoA*mMMca s pe30HaTope, opMeHTMpOBSH 
nspan/ie/ibHO H3np3BneHMK> KO/ie63HMfi 3/ieKTpMMecKoro BeKTOps. 

npM 3tom mhmumstop Mo>KeT 6biTb BbinojiHeH t3k, mto KOHeq MHMLjMSTops, HsxoAflLqMMcn b pe30HaTOpe, /im6o coeAMHeH, jim6o He coeAMHeH c ero npoBOAfli^eM 
noBepxHOCTbK), bo btodom c/iyMae amsmctp ero ksk MMHMMyM b 2 p33a oojibiue AMSMeTps KOHM3 MHMUM3T0D3, HSXOAflmeroca b p33p«AHOM K3Mepe, s ajimh3 ero 

Bbl6paHa M3 COOTHOLLieHMfl 

L=n A /2+ A /4 ' 



TAe L - 06U4351 A1UH3 MHML(M3T0pa; 




A/lMHa BO/lHbl CBM-M3JiyMeHMH B CBOOOAHOM npOCTpSHCTBe; 



n = 0,1,2... 

<DopM3 MHMUMaTopa MO)KeT 6biTb npaKTMMecKM /iiooom, ho AJi* ynpomeHMJi MsroToaneHMn mhml4mstop MO>KeT 6brrb BbinonHeH npnMO/iMHeMHbiM m^m M3orHyrt»iM, 
HanpMMep, b BMAe U-o6pa3HOM neT/iM cb«3m, npM stom b oojisctm nyMHOCTM, ycT3H0BMBiueMC3 BHyrpM pe30H3TOpa CTOnMeii bo/ihw napaJinenbHO 3neKTpMMecK0My 

BexTopy, pacno/>o>KeH yMSCTOK neTnM CBA3M, coeAMHfliotuMM nspa/ine/ibHbie ee msctm, m ero A/iMHa dsbh3 X/4. 



Mhmmmstop Mo>KeT 6biTb BbinonHeH b BMAe Aeyx nepneHAMKynspHO coeAMHeHHbix npflMO/iMHeMHwx OTpe3KOB, m ahmhs ero OTpe3K3, p33Meu4eHHoro BHyTpM 
pe30H3Top3 nspcLn/ie/ibHO 3/ieicTpMMecKOMy Beicropy. p3BH3 i /4. 



Ann Mcno/ib30B3HMn ycTpoMCTB3, HsnpMMep b KaMecTBe cpeACTBa Ann nna3MeHHoro HSHeceHMn noxpbJTMM, HanpMMep Ha noBepxHOCTb pe>Kymero m HcrpyMeHT3 , 
MHMUM3T0p MoxeT 6wTb BwnoriHeH b BMAe Tpy6onpOBOA3, m KOHeq ero, hsxoahiummch pe30H3TOpe, BWBeAeH M3 Hero m noAK/iiOMeH k CMcreMe noAaMM ra3a. 

Ann 0opMMpOBaHMn cTpyM n/i33Mbt KOHeu BbinonHeHHoro b BMAe Tpy6onpoBOA3 mhmlimstops, p33MemeHHWM BHyTpM p33pnAHOM K3Mepw. MorceT 6biTb c»a6meH 
connoM M3 ryronjisBKoro M3TepM3/i3 m/m/im Ha^eTS Tpy6K3 M3 AM3/ieKTpMMecKOro MSTepMans c bwcokom TeMnepSTypoM nnSB/ieHMS m hm3kmmm nOTepnMM SHeprMM Ha 
CBM, HanpMMep M3 KBapua. 

Ann ynpomeHMj? KOHCTpyKUMM p33p5iAH3n KSMepa Mo^ceT 6bm> Bwno/iHeHa b BMAe mmjimhaps, KosKCMS/ibHoro c MSCTbio mhmlimstops, pscnonoKeHHOM b Hevi. 
ConocrsBMTeribHbiM aHarw3 noK333Ji. mto 3SHB/ineMoe peuieHMe oT/iMMseTcn ot npOTOTMns TeM, mto B036y5KAaiOT Ko/ie6aHM« hs M3CT0Te, cooTBeTCTByiotneM 
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* '. P630H3HCH0M HSCTOTe CMCTeMbi. 06p330B3HH0M MCTOMHMKOM CBM-M3nyMeHMA H pe30HaTOpOM, Onpefle/WIOT 06naCTM nyMHOCTM yCTaHOBMBUJePiCfl CTOnMeM BOJIHbl M 

HanpaB/ieHne Kone6aHMM sneicrpMHecKoro Beiaopa b pe30Haiope, KO-ropwfi coeAMHnioT c p33pnAH0M KSMepoM, ycraHaBJiMBaroT Me»(Ay hmmm CM/ibHyw C8fl3b, b 
pa3p«AHOM KaMepe nccneflyroT pacnpeAeneHMe sneicrpoMarHMTHoro nonn, 0MKCMpyn oonacTM nyMHOCTM, pa3Memax>T MHnunaTop b oSnscTM nyMHOCTM pe3OHaT0pa m 
pa3p«AHOM KaMepw, npM stom opneHTMpy»OT ero OTHOCMTejibHO HanpaBneHMn KoneosHMM sneinpMMecKoro Beiaopa b pe30HaTOpe. 

A b ycTpOMCTBe b KanecTBe MCTOMHMKa CBM-M3nyHeHMn Mcnonb3yeTcn CBH-MaoieTpoH, m mhmijmstop pacnonoweH oAHospeMeHHO b nonocmx pe30HaTopa m 
paspflflHOii KaMepbi, mto no3BonneT CAenarb bwboa o cooTBeTCTBMM KpMTepwo "H0BM3Ha". 

CyiiiHOCTb M3o6peTeHMH 3aKJiKwaeTca b cneAyiomeM. 

KaK M3BecTH0, Ann MHMi4nam«i pa3p«Aa TpeoyeTcn 3HaMMTenbno oonbiusn HsnpnaceHHocTb sneiapimecKoro nonn, MHorAS Ha Heaconwco nopnAKOB, MeM Ann 
noAAepKaHMfl ropeHMn pa3pnAa, m nosTOMy oowmho Ann reHepauMM nnasMw Mcnonb3yK>Tcn AoaonbHO Momnwe mctomhmkm CBH-ManyMeHMn. 

Ecnw rce Mcno/ib30BaTb ManOMomHWM mctomhmk CBM-M3nyMeHMn, HanpMMep CBM-MameTpoH, to Ha 3Tane, npeAtuecTByiomeM nHMMnaMnn pa3pnAa, HyacHO noAHATb 
HanpqjKeHHOCTb ao HeooxoAMMoro yposHn. J\n* 3Toro ycraHOBKy ny>KHo AononHMTb HaKonvrre/ieM SHeprvin b Anana30He CB4, b KanecrBe KOToporo MorceT 6biTb 
ncnonb3oeaH o6beMHbiM pe30HaTop. 

OAHaKO b 3tom cnynse bo3hhk36t npooneMa HacTpOMKM pe30HaTopa m McroMHMKa CBM-MsnyneHMn Ha OAHy m Ty rce pe30HaHcnyK> HacrroTy. 

H3BecTHbi Me-roAu hsctdomkm m cTa6nnn3aL4Hi4 qacTOTbi MaroeTDOHa nonbiM pe3OHaTop0M, npn stom b p@3oh3hchom cwcTeMe MameTpoHa nonBnnioTcn 
Aono/iHMTe^bHbie pe30HaHCHbie cocronHMM npw jijooom xapainepe cba3m aHOAHoro 6noK3 MameTpOHa c pe30HaTopoM [Csmcohob AB Ochobu pacneTa m 
KOHCTpyMpOBaHMfl MsmeTpOHOB.- M.: CoBeTCKoe paAMO, 1974, c. 167-194]. 

npM 3TOM B COOTBeTCTBMM C npMHUMnOM "MMHMManbHOrO paCCeflHMfl" K0Jie6aHWfl CMCTeMbi "MameTpOH - pe30HaT0p" B036y>KAaK)TCfl Ha tom MacrroTe, Ha kotodom 

AocmraeTCfl HaMOonbwee OTHOUjeHwe 3anaceHHOM SHeprvin k o6u\en OHeprMM noTepb 3a nepMOA, to ecn, Ha MacroTe, Ha kotodom AoopOTHocrb cncreMbi 
wiaKCMManbHa. TaK icaic Ao6poTHocTb coGcTseHHOM pe30HaHcnoM cmctsmw MameTpoHs mhoho MeHbwe ao6dothoctm o6beMHoro pe30HaTopa, KoneoaHMA 6yAyr 
B036y5KAaTbCH Ha pe3OHaHCH0ii qacTOTe CMCTeMbi, o6pa30BaHHOM MameTpoHOM m pe30HaTopoM. npw 3tom, kohbhho, AOJDKHa 6biTb o6ecneMeHa "6nM30CTb tt stow 
MacTOTbi k oo6cTB6HHoii paSoHeM MacTOTe MameTpoHa. CTeneHb stom 6jim30ctm 3aBwcMT or KOHKpeTHoro Tuna ncnojib308aHHoro MameTpoHa vi creneHM cssi3M ero c 
pe30HaropoM. 

3to 03HaMaeT, hto ecnvi MameTpoH cmibHO CB»3aH c o6beMHWM pe3OHaT0poM, u nx coocTBeHHbie pe30HaHCHwe MacroTbi c TOHHocTbK) nop^AKa HecKOJibKnx (He 
60/iee 10%) cosnaAatoT. Kone6aHMn 6yAyT B036y*AaTbC* Ha pe3onaHCHoA MacTOTe cwcrreMbi 6e3 ncno/ib30BaHHH KaKnx-nw6o MexaHvmecKvix 3/ieMeHTOB HacrpofiKH 

MaCTOTbl. 

flnn noHM>KeHM« nopora reHepaumi n/ia3Mbi m chmxcbhm^ ypoBHn moluhoctm b o6jiacTM nna3Moo6pa30BaHMH pa3MemaioT HHmjuaTop, KOTopbiPi ncno/ib3y»OT TaioKe 
A/ifl ooecneMeHMA cw/ibHOii cba3m b CMCTeiwie CBM-iwarHeTpoH - pesoHaTop m pa3p«AHafl KaMepa. flnq 3Toro ero ycraHaBJiMBawT OAHOBpewieHHO b nonocTflx 
pe30HaTopa h pa3paAHoft KaMepbi. 

CM/ibHan CBA3b b cwcTeMe CBH-MameTpoH-pe30HaTOp mokct 6biTb ycTanoBneHa, HanpMMep, ec/in M3nysaK)mMM sneMeHT CBM-MameTpoHa 6yAeT pa3Meu^eH b 
pe30HaTope. 

3tot pemMM paooTw CMCTeMbi MO>KeT noAAepxuBaTbca TO/ibKo b tom cjiynae, ecnw 6yAeT ooecneMeHa BwcoKan Ao6poTHOCTb Bcefi cucreMw: MameTpoH - 
o6^eMHbiM pe30HaTop - paspnAHan KaMepa b qe/ioM, ajw nero HeoSxoAMMO wouiKWHTb KaKne-jiw6o noTepvi 3Heprnn M3 cucreMbi (HanpwMep Ha M3JiyMeHwe bo 
BHeiunee npocrpaHCTBo). 3a MCioiKweHMeM HeM35e5KHwx noTepb M3-3a KOHewHOft npoBOAMMoctii ctchok pesoHaTopa Ha 3Tane HaKonneHMf? aneprnM. 

B cnyMae ooecneMeHwa Bcex stmx ycnoBMii BHyrpw o&beMHoro pe30HaTopa HaMMHaeTCfl HaKoruieHMe SHepnw m o6pa3yeTC« croflMaji sonna, MMe»ou4afl MaKCWMyM m 
MMHMMyM HanpjDKeHHOCTM sjiexTpimecKoro no/in, npocTpaHCTBeHHoe pacnpeAeneHMe kotopwx 3aBMCMT ot koh KpeTHoro TMna ofiteMHoro pe30HaTOpa 
(UMnMHApMHecKMM, KoaKCMaJibHbiM, npHMoyronbHbiM m t.a ) m TMna B036y>KAaeMbix KoneoaHMM. 

npw 3tom HanpjwKeHHOCTb aneKTpMMecKoro nojifl b Mecrax pacnono^eHMFi MaKCMMyMOB (TaK Ha3biBaeMbix "nyMHocTeM") 3H3MMTen bHO npeBbiujaeT HanpjDKeHHocTb 
no/iH, KOTopyw pa3BMBaeT MameTpoH npM M3nyMeHnn b cboBoahom npoCTpaHCTBe. Ann BbicoKOAo6pOTHbix pe30HaTOpOB ycM/ieHMe HanpjoKeHHOCTM no/w mgmbt 
AOcmraTb OMeHb bo/ibujnx bcjimmmh, nopnAKa 100 m donee. 

B oobWHbix cxeMax ncno/ib30BaHMfl o6teMHbix pe30HaTopoB aha CBM-npo6on nocne AOCTM^teHMfl npoooMHOii HanpyoKeHHocTM HaMMHaeTC« ra30BWM pa3p«A, 
KOTOpwM pacnpocTpaHfleTCfl Ha Becb o6teM pesoHaTopa. 

PacnonoxeHMe MHnunaTopa b no/iocTf»x pe30HaTopa m pa3pnAHOM KaMepw no3Bo/ineT nacnioMMTb M3nyMeHne W3 pa3p«AHOM KaMepw bo BHetiJHee npocTpaHCTBO Ha 
npeApa3pHAHOM craAMM m o6ecneMMTb cunbHyio CB«3b Me>Kfly pe30naTOpoM m pa3pnAHOM KaMepon, b pe3y/ibTaTe Hero BHyrpw pa3p«AHOM KaMepw ycTaHaB/iMBaeTC* 
CBOfi croAMafl Bonna. 

MHoroHMCJieHHwe SKcnepMMeHTbt noKa sarin, mto ecnn Koneq MHMUMaTopa, pacnono)KeHHbiM b pa3paAHOM KaMepe, nonaAaeT b oSnacTb nyMHOCTn o6pa30BasujeMCfl b 
Hew CTo«HeM bo/ihw, to npoMcxoAMT pa3py»A b6jim3m koh 14a MHMMMaTOpa, to ecrb TaM, rAe HeoAHopoAHOCTb nona MaKCMMa/ibHan. 

npocTpaHCTBeHHoe pacnono)KeHMe nyMHOcreM aneKTpMweocoro nonn BHyrpM pa3p«AHOM KaMepbi onpeAejiaeTca 4x)pMOM m pa3MepaMM pa3pnAHoii KaMepw. 

TaK KaK KOHeu nHHL|naTopa, HaxoAflLUMMcn BHyTpM pe30Haiopa pacnono>KeH b oSnacTM BbicoKOM Hanp«>KeHHOCTM no/in, Heo6xoAMM0 npeAnpMHATb cneuna/ibHbie 
Mepw Ann HeAonyuteHMfi B03HHKHOBeHnn pa3pflAa B6nM3n 3Toro KOHua MHnuwaTOpa. flnn stoto mo>kho, HanpMMep, A^aMeTp KOHqa MHnqMaTOpa, HaxoAflinerocn 
BHyTpn pe3OHaT0pa, ysenMMMTb kbk muhmmym BflBoe no cpaBHeHMK) c AMaMeTpoM koh 14a MHHUMaTopa, HaxoAniMerocn b pa3p$iAHOM KaMepe. 

YBenMMeHMe A^aMeTpa no3BonneT noHM3HTb rpaAMeHT nonn b6jim3m noBepxHOCTM MHMLpiaTopa m y Ben mm wn* nponopMMOHanbHO HanpHxeHHOCTb nonn, 
Heo6xoAMMyio Ann npooon ra3a BHyTpM pe30HaTopa, T.e. noBwcMTb aneKTpMMecKyK) npoMHOcrb pesoHaTopa. 

nocne MHMUMauMM pa3pRA noKanH3MpyeTC$i b6xim3m koh 14a MHMUMaTopa m He pacnpocTpaHneTcn na Apyrvie o6nacTM pa3p«AHOM KaMepbi wrtu pe30H3Topa. 

HamiMMe MHMi^MaTopa m p33psAHOM KaMepw HecKonbKO MeHneT coScTBeH Hyw pe30HaHCHyio Hscrory CMcreMw MsmeTpOH - o&beMHbivi pe30H3T0p, ho tsk KaK 
npaKTvmecKM OTcyrcrByeT MsnyneHMe M3 CMCTeMbi, Ao6poTHOCTb CMCTeMbi, o6pa30B3HHOM MameTpoHOM, pe30H3TopoM, mhmumstodom m pa3pHAHOM KdMepoH, 
ocraeTcn bwcokom. 

CBM-MarHeTpOH "caMOHacTpaMBaeTcn" Ha MacTOTy, cooTBeTCTByioiMyK) pe30HaHCHOM MacTOTe cwcrreMbJ MarneTpOH - pe30H3Top - hhmlim3top - pa3pflAHan KaMeps. 

TaK K3K yCTaHOBneHa CMnbHaj? CBA3b MOKAy CBM-M3meTpOHOM M pe30HaT0p0M, C OAHOM CTOpOHbl, M pe3OHaT0DOM M pa3p5IAHOM KaMepOM, C ApyrOM CTOpOHbl, 

M3nyMaeMan SHeprMH scfxpeirrM bho nepeAaeTcn b 30Hy ropeHMA nna3Mbi. 

nocne B036y>KAeHMfl pa3p«Aa o6pa30BaBiuaflca nna3Ma nanMHaeT mht6hcmbho nornomaTb SHeprMfo, s pe3ynbTaTe Mero Ao6poTHOCTb Been CMCTeMbi pe3KO naAaeT, 
3HepreTMMecKM bonee BbiroAHbiMM Ann MarneTpOHa craHOBflTcn Kone6aHMn na CBoeM paboseii MscroTe, MsmeTpOH nepecrpaMBaeTCfi hs 3Ty sacTOTy, m 
AanbHeMiuee M3nyMeHMe aHeprMM npoMcxoAMT hs stom nacroTe. 

npM 3tom, ecnM b CMny KaKMx-nM6o npMWMH paspflA noracHeT, AoSpOTHOCTb BceM cwcTeMw 4epe3 OMeHb Koponcoe BpeMn BoccTSHOBMTcn, MameTpoH nepecrpoMTcn, 
npOM30MAeT HOBoe HaKonneHMe SHeprMM m cpasy >Ke nonBMTcn pa3p«A npOMe>KyTOK BpeMeHM Ann B03o6HOBneHMn p33pnA3 tsk Man (-10 -6 c), mto He snnneT na 
crabMnbHOCTb pa6oTbi ycTpowcTBa b qenoM, npaKTMnecKM a btombtmh ecKM npoMcxoAMT MHMUMauMn p33pnA3, mto no3BonneT nony^MTb ycroMMMBbJM 
C3MOMHMUMpy»omMMcn nna3MeHHbiM pa3pnA, npn stom oh MO>KeT 6biTb nonyneH b B03Ayxe npM aTMocqbepHOM AaBneHMM m He Tpe6yeT CBM-reHepaTopa BbicoKoro 
ypOBHn MOU4HOCTM. 

Ann noKanM33i4MM pa3pnAa bo BHeujHeM no OTHOiueHMK) k pe30H3Topy o6beMe. kskoswm nanneTCn 33nonHeHHan ra30M pa3pnAHan KaMepa. b pe30HaTop b o6nacTb 
nyMHOCTM sneirrpMMecKoro nonn napan/ienbHO aneicrpMMecKOMy Beicropy pa3Meu4eH MHMMwaTop, btopom KOHeui KOToporo BWBeAeH b pa3pnAHyio KSMepy. 

TsKoe pscnono^eHMe whwljmstops no3BonneT noHM3MTb nopor npo6on m AoSMTbcn mhmlimsmmm p33pnA3 B6nM3M koh 14a wHWMM3TOpa, HaxoAnmerocn b pa3pnAHOM 
KaMepe. 

PaooTa ycTpofiCTBa Ann peanM33UMM cnoco63 noncHneTcn MepTexsMM, rAe H3 <pv\r. 1 - bspmsht ycTpoMCTB3, KorAa mhmlimstop BbinonHeH b BMAe npnMonMHeMHoro 
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» * npOBOMHMKa; Ha (pur. 2 - Bapi/iam ycrpOMCTBa, KorAa MHnunaTop BbinonHeH b BMAe U-o6pa3HOM nemw cbh3m; Ha cfeMr. 3 - BapnaHT ycTpoMCTBa, KorAa MHwunaTOp 
MaornyT b BMAe Asyx nepneHAMxynapHo coeAMHeHHUx np*MonMHeiiHbix OTpe3KOB; Ha (Jwr. 4 - BapnaHT ycTpoMCTBa, ico^a pa3pHAHaa KaMepa ycTanoBneHa 
KoaKCwa/ibHO c kohmom MHUMwaTopa, HaxoAameroc* b Hen; Ha <pur. 5 - Bap via ht ycTpoMCTBa, KorAa KOHeu MHMiiMaTopa, HaxoAamnMc* b pe30HaTope, He coeAnneH c 
ero npoBOA«Lueii noeepxHOCTbio, a AwaiweTp ero k3k mhhmmym b 2 pa3a oonbiue AwawieTpa KOH143 MHMunaTopa, HaxoA«merocH b pa3p*AHOM rcawiepe. 

ycTpoMCTBO coAep>KMT CBH-warHeTpoH 1, MSJiyMafouiMM 3/iewieHT 2 KOTOporo pa3weu4eH b nojioc™ o6beMHoro pe30Haiopa 3, b ero nonocrM ycTaHoeneH Taioxe 
MHUMwaTop 4, oahh KOHeu KOTOporo 5 HaxoAMTc* b pa3pHAHOM icaMepe 6 h Ha Hero HaAeTO conno 7 m Tpy6Ka 8 «3 AManeKTpMMecicoro MaTepnana c bwcokom 
TeMnepaiypoM nnaeneHMfl m hh3kmmm noTepflwm SHepmn Ha CBM-M3nyMeHMM, Apyrotf KOHeu MHMunaTOpa 9 BbmeAen M3 no/iocm pe3onaTopa m noACoeAMHeH k 
CMcreMe noAa^M ra3a, 62 m di - AnaMerpbi kohliob MHHuwaTOpa. pacnono>KeHHbie cooTBeTCTBeH ho b pe3OHaT0pe 3 h pa3p*AHOM Kaiuepe 6 (4>wr. 5). 

BapwaHTbi ocymecTBrteHMfl M3o6peTeHMsi 

PaooTaeT ycTpOMCTBO cneAywmMM 06pa3OM. 

nocne noAaMM HanpjwKeHM* nnraHMR Ha MameTpoH 1 3a oneHb Koponcoe epeMa (~ 10" 8 c) npoucxoAMT ycraHOBneHMe MacTOTbi, cooTseTCTByiomeM pe30HaHCHOH 
MacroTe CHCTeMbi MameTpoH 1 « pe30HaTop 3 - MHMi4MaTop 4 - pa3pflAHan Kawiepa 6. 

flanee nponcxoAMT HaiconneHMe SHeprviM b TeneHMe -10" 6 c ao AocTMxeHMa npoooMHoii HanpaweHHOcm B6/im3m kohlib 5 nHKLtnaTopa 4, HaxoAmneroca b 
pa3pflAH0M Kawtepe 6, 3axcMraeTc« pa3p*A, 3Heprnn CB4, MsnynaeMan mctomhmkom M3nyneHM* 2 MameTpOHa 1, nornotuaeTca 06pa30BaBtiieMCJi n/ia3M0C». Conno 7 m 
AManeKTpMHecKafl Tpy6*a 8 BMecre c CMcrreMOM noAann ra3a qbopMMpyioT rtna3MeHHyio CTpyro. B cnyMae ecnvi pa3pflA noracHeT, npouecc MHMijMauMM 

aBTOMaTMMeCKM nOBTOpHTCfl. 

TaK k3k MHMMMaTop BbinonHneT QAHOBpeMeHHO poJib aneMeHTa, ooecneHMBawmero CHJibnyio CBji3b MejKAy pe30HaTopoM m pa3pj»AHOM KaiwiepOM, ero pa3Mepbi 
AO/WHbi ooecneMMBaTb ormtMaJibHbie ycnoBMfi nepeAami SHepraM b 30 Hy ropeHua pa3pnAa nocne MHMqMauMM. MHoroMMcneHHbie siccnepHMeHTbi noKa3ann, mto 
HannymuMe pe3ynbTaTw AOCTwraioTCJ?, ecriM f\n\AHQ MHMuwaTopa Bbigpana M3 cooTHOtueHMfl 

L = n^/2+^/4(1), 



rAe 

L - o6ma$i ArtHHa MHMqMaTopa; 




AHMHa Bo/iHbi CBH-H3flyMeHnn b cbo6oahom npocTpaHCTBe ; 



n-1,2, 3... 

npw 3tom HHMuwaTop MOweT 6biTb BbinoriHeH b BMAe npHMOJiMHetiHoro npoBOAHMKa, opneHTnpoBaHHoro napaji/ie/ibHO 3/ieia-pHMecKOMy Beicropy. 

TaK KaK pacnonojKeHne nyMHOcrew ajieKTpvmecKoro no/w BHyrpM pa3pHAHOM KaMepw 3asncnT ot 4x>pMbi m pa3MepoB paspHAHOvi icaMepu m b oGiqewi cnyMae He 
coBnaAaeT c Mecropacnojio>KeHMeM kohio MHMUMaTOpa, a^a pa3p«AHOw KaMepw npon3BOJibHOM 0opMbi Heo6xoAMMa noAronxa ahmhw MHvimiaTopa, mo ajw 
npflMOJiMHewHoro MHHMnaTopa MO>KeT BCTyrwTb b npoTMBOpeMwe c TpeobBaHweM onTMMajibHofi a^mhw L. 

Han/iymiJMM BapnaHTOM sB/ine-rca tot, b kotodom nHML4naTop Bbmo/meH b BMAe U-o6pa3Hoii neT/iM cbh3m hjih M3orHyT b BMAe Asyx nepneHAMKyrwpHO coeAMHeHHbix 
npflMO/iMHeiiHbix OTpe3KOB, npw stom A-TtMHa ero OTpe3Ka, pacno/ioweHHoro BHyrpn pe30HaTopa napaanenbHO anexTpHMecKOMy Beiaopy, paBHa A /4. 



OnTMMajibHbie ycnOBM* nepeAaMM aHeprnw AocrwraiOTcn, ecnw A-nuHa yMacnca HHMUnaTOpa, HaxoAnmerocfl b nyMHOcm aneKTpMMecxoro nonn pe30naT0pa 
napan/ienbHO 3/ieKTpnwecKOMy BeKTopy, oocraBHT J\/4. 



npw Mcnonb308aHMH ycTpOMCTBa A^fl MOHM3aunM, HarpeBa m BbiBOAa bo BHeiuHKJio cpeAy noTOica rma3Mbi b BMAe nna3MeHHOM crrpyn MeTajmMMecKMM MHMunaTop 
Momei 6bm» BbinonHeH b BMAe TpyoonpoBQAa, npw stom ero KOHeu, 3/ieKTpMMecxM coeAMHeHHbiM c nosepXHOCTbio pe30HaTopa, BbiseAeH qepes creHKy pe30HaTopa 
m noAK/iJOMeH k cMcreMe noAaMM rasa. 

flnfl Toro mto6w 3aAaTb cKopocrb m tpopuy crrpyM n/ia3Mbi Ha KOHi^e MHMUMaTopa, HaxoAfliueMCfl b pa3DflAHOM xaiuiepe, MoneT 6bm> ycraHOB/ieHo conno ms 
TyronnaeKoro MeTanna, KOTOpoe OAHOepeMeHHO npeAynpejKAaeT pa3pyiueHMe KOHija MHMUMaTopa o6pa3y»oineMCfl BbicoKOTeMnepaTypHOii nna3MOM. 

flnq Toro MT06bi cxJjopMMpOBaTb crpyio nna3Mbi, Ha Hero momqj 6wTb HaAeTa TpyGxa M3 AHanetcrpHMecKoro MaTepnana c bwcokom TeMnepaTypoii nnaBneHMn m 
hm3kmmm noTepnMM SHepnviM Ha CBM-MsnyMeHMM, HanpMMep M3 KBapqa. TaKan TpyGxa MorceT 6biTb pa3MemeHa Ha stom KOHue m b tom BapnaHTe, KorAa Ha KOHqe 
MHMUMaTopa HaAeTO conno. 

npooneMa Tennoebix Harpy30K Ha creHKM AnaneiapMHecKOM Tpy6KM co crropoHbi nna3MeHHOii CTpyw mokct 6biTb peiueHa craHAapTHbiMM cnocoSaMM, HanpMMep, 
3aKpyMM8aHMeiwi nna3MeHHOM crrpyM BOKpyr cBoew ocm, bhciuhmm o6aybom Tpy6KM m ApyrMMM. 

ripoMbiuxneHHafl npMMeHMMOCTb. 

B o6biHHO McnonbsyeMwx UMnMHAPMMecKMX pe30HaTopax, B036y>KAaeMbix Ha moag KoneSaHMM TM 010, HanpjwceHHOCTb aneicrpMHecxoro nonn b Mempe pe30HaTopa 
cornacHO [MaK-floHanA A. CBM npo6oM b ra3ax.- M.: Mnp, 1969. c. 167] cocraBnAeT 



E = TP <2>, 
o o o 



rAe Po - MOiuHocTb M3nyMeHM« CBM-MarHeTpona; 
Q > Ao6pOTH0CTb pe30HaTopa; 



CJ - yrnosaq nacTOTa CBH-M3nyMeHMfl, a 
O 
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roe £o = 8.85 ■ 10" 12 (p/M - AManeKTpimecKafl npoHMuaeMocTb b BaKyyMe; 



V - o6i>eM pe30HaTopa, KOTopbifi o6wmho Bbi6MpaeTca ksk V - 

rfle ^ - A/iMHa bojihw CBH-M3rryMeHMfl b cbo6oahom npocrpaHCTBe. 

Hcno/ib3ya 4>opMyny (2) aih pacMeTa, mowho noAo6paTb oobeMHbi* pe30HaTop c oTHocMTe/ibHO HeewcoKOM Ao6poTHOCTbK) (Q) m npw stom AOCTMMb AOBonbHO 
bwcokom HanpHJKSHHocTii b uem-pe pe30HaTopa. 

y 

HanpMMep, npw Po = 1 kBt. ft) / 2 II - 2,45 I" l~u, V = 1 n, Q = 1 0 3 , HanparceHHOCTb sjieKTpMMecKoro no™ Eo ~ 160 kB/cm. flnn nprnwepa npooc-MHaa 
O 

HanpflxeHHOcn, Arm B03Ayxa npvi aTMoc$epHOM AaaneHMM cocraB/ifleT okojio 30 kB/cm. 
npwMep KOHKpeTHoro Mcno/ib30BaHiin. 

Hcno/ib30Ba/iCfl MameTpoH c 6/iokom nuTaHMa ot 6biTOBbix CBM-neMefi, MMeromnvi MomHocTb P = 800 Bt h MacroTy f = (J 2 IT =2,45 ITu, 3 to no3BOJiM.no 

O 

npw ^ = 12 cm ncno/ib30BaTb pe30HaTop, MsroTOBneHHbiM, HanpMMep, ms Meflu, oSbeiwiOM V = 0,7 n. 

Pa3pflAHafl KaMepa 6buia Bwno/iHeHa b bhag uM/iMHApa, KoaKCuaxibHoro c pacno/iotteHHbiM a hbm kohuom MHMUMaTOpa c MOJiMOAeHOBWM con/iOM m 
AManeKTpMMecKOM Tpy6KOM ms KBapua. B KanecTBe paooMero rasa Mcnonb30Banc* B03Ayx npM aTMoafcepHOM AaBneHMM. 

TeMnepaiypa o6"pa30BaBUjeMCH b t3kom KOHcfcMrypauMM n/iaswieHHOii cTpyw AOCTMrajia 4500°C. (Ipn stom b TeMeHMe 2 m paoc-Tbi ycTpoPicTBa apo3nn MHMUMaTOpa He 
Ha6n»OA£Lnocb. 

ycTpOMCTBO OT/iMMaeTcn BwcoKOM CTa6mibHOCTbK) b pa6oTe. MHMMMaMMfl pasp*v;a b cnyMae raweHMa nnasMbi npOMCxc-AMT aBTOMaTMMeaw npM Heoo/ibiiJOM 
noTpeormeMOii moiuhoctm. Taicoe ycrpOMCTBo Mo*eT paocraTb ot oowmhom 6brroBOM 3/ieKTpoceTM. 

KpOMe Toro, ycrpoMCTBo OT/wMaeTcn KOMnaKTHocTbro n npocroTofl KOHCTpyKUMM, b hsm OTcyrcTByiOT KaKwe-Jiw&o m exaH mhbckm nepewieinaeMbie AeTa/iM. 

Bee 3to no3BO/ifleT peann30BaTb cnoco6, ncno/ib3yn ycTpoiiCTBo bo mhotox OTpac/iax, HanpMMep ai* CBapKM, pe3KM nio6bix MeTan/iOB, Aa*e ramx, kbk BonwJspaM. 
Arm HaHeceHMA noKpbrrMM M3 TyronriaBKMx MaTepnanoB, a KOMnaKTHOCTb m Ma/iora6apMTHocTb ycTpoMCTBa no3BO/iflK>T npMMeHATb era b Taxnx OTpacnnx, Ka« 
MeAMUMHa, CTOMaTononin, tOBenMpHoe Ae/io. 

<DOPMYJlA H30EPETEHH51 

1 . Cnoco6 reHepauMM n/ia3Mbi, 3aioiK>MaK>tuMMCJi b MHMUMMpoeaHMM pa3p«Aa b ra30BOM cpeAe c noMomwo sneirrpOMarHMTHOM bojihw CBM-AwanasoHa, 
OTJiMMatou4MMC5i Teiw, MTo ncnojib3yiOT Ma/ioMou^Hbi h MCTOMHMK C B M-M3JTyseH H5J , HanpJDKeHHOCTb sjiexTpoMarHWTHoro no/iq KOTOporo noBwiijaiOT, A-n« ^ero 
MCno/ibsyioT o6i»eMHbiM pe30HaTop, ycTaHaanMBaroT cmibHyK) CB«3b Meauy mctomhmkom CBM-n3/iyMeHMq m pe30HaTOpOM, B036y*AatOT Kone6aHM« Ha MacroTe, 
cooTBeTCTBywiMeM pe30Ha hchoh MacrroTe CMcrreMbi, 06pa3OBaHH0ii mctomhmkom CBH-M3nyMeHMfl m pe30HaTopoM, onpeAe/iflKJT o6nacTM nyHHOCTM ycraHOBMBiueMcn 
croflMeM Bo/iHbi m HanpaBneHMe Kone6aHMM a/ieicTpMMecKoro eeiaopa b pe3OHaT0pe, KOTopbivi coeAMHji»OT c pa3pj»AH0M KaMepotf, ycTaHaannBawT Me>KAy hmmm 
CM/ibHyio CB*3b, b pasp^AHOM KaMepe MCcneflyioT pacnpeaeneHne 3/ieKTpoMamMTHoro nojin. (JjMKCMpyn o6nacTM nyMHOCTM, pa3Meu4a»0T MHMUMaTOp b oGnacTM 
nyMHOCTM pe30HaT0pa m pa3pflAHOM KaMepbi. npM stom opneHTMpyioT era oTHOCMTenbHO HanpaaneHMn KoneGaHMvi aneKTpMqeacoro BeKTopa b pe30HaTope. nocne 
Mero B036y?KAaK)T Kone6aHMn Ha MacroTe, cooTBeTCTBy»omeM pe3onaHCHOM wacroTe CMcreMbi; mctomhmk CBM-M3JiyMeHMq - pe30HaT0p - MHMUMaTOp - pa3p«AHan 
KaMepa, yBe/iMMMBaa Hanpn>KeHHOCTb a/ieicrpOMarHMTHoro nonn ao ee/iMMMHbi, npeBbiiiiaroineM npoooMHyio HanpwKeHHOCTb a/w ra3a, 3anortH«K)aiero pa3pflAHyio 
KaMepy. MHMUMMpyq TeM caMbiM pa3pnA, m B03AeMCTBMeM CBH-M3JiyMeHMfl reHepMpyioT n/ia3My. 

2. ycTpOMCTBo Aia ocyiMecTBXieHMfl cnoco6a reHepaqwn ruia3Mw no n.1, C0Aep>KaiMee mctomhmk CBM-M3nyseHMfl, 3ano/iHeHHyK> ra30M pa3pflAHyK> KaMepy, 
pa3Meii4eHHbiM b Hen mhml4M3top, BwnojiHeHHbiM M3 TOKonpoBOAnmero MaTepMajia. OT/iMHawineecn TeM, hto ycrpOMCTBo AononHeHo o6i»eMHbiM pe30HaTopoM, a 
MHMUMaTOp ycraHOB/ieH oAHOBpeMeHHO b nonocrflx pa3pjiAHOM KaMepbi h pe30HaTopa, npM stom KOHeq MHMUMaTopa, pacnojio)KeHHbiM b pa3p«AHOM KaMepe, 
pa3MemeH b oG^acTM nyMHOCTM, ycraHOBMBLueMCfl BHyrpM pa3p«AHOM KaMepu crojweM bo/ihw, a apytom noMemeH BHyTpn pe30HaT0pa b o6/iacrb nyMHOCTM 
ycraHOBMBujeMCfl b HeM cronHeM bojihw, a b KanecTBe McroMHMKa CBM-M3/iyMeHMfl Mcnonb3oeaH CBM-MarHeTpOH, paooMan MacroTa KOTOporo cooTBeTCTByeT 
pe30Ha hchom MacroTe o6teMHoro pe30HaTopa, npM 3 tom M3JiyMa>ou4MM 3/ieMeHT CBM-MarHeTpOHa pacnojioweH BHyTpM oCbeMHoro pe30HaT0pa. 

3. ycrpOMCTBo no n.2, OT/iMMawLueecn TeM, mto KOHeq mh m L4na Topa , HaxoA«mMMCfl b pe30HaT0pe, aneicrpMHecKM coeAMHen c npoBOAfltueii noBepxHOCTbK) 
pesoHaTopa. 

4. ycTpoMCTBO no n.2, OT/iMMaromeecn TeM, mto KOHeq MHMUMaTOpa, HaxoA«mMv%cfl b pe30H3Tope, ne coeAMHeH c ero npoBOA«meM noBepxHocTbio, a AMaMeTp ero, 
tcaK MMHMMyM, b 2 pa3a 6oJibiue AMaMeTpa KOHLja MHMUMaTOpa, HaxoA«aieroc« b pa3p«AHOM KaMepe. 

5. ycrpOMCTBo no n»o6oMy ms nn.2 - 4, OT/iMMaK>meec* TeM, mto ahmh3 MHMUMaTOpa stxSpaHa M3 cooTHOiueHMfl 



rAe L - o6man AnviHa MHMUMaTOpa; 

^ - fl/iMna BonHbi CBM-M3/iyMeHMq b cbo6oahom npocrpaHCTBe; 
n = 0, 1, 2 ... 
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6. ycTpowcTBO no /iio6oMy M3 nn.2 - 5, OTnnMaK>meec* TeM. hto MHMuuaTop Bbino/iHeH npflMonMHeMHWM. 

7. ycrpoftCTBO no nio6oMy M3 nn.2 - 5, OTnwMaromeeca TeM, mto MHnunaTop BwnonHeH M3omyTbiM. 

8. ycTpOMCTBO no n»o60My M3 nn.2 - 5 m 7, OT/mMaioujeeca TeM, mto MHMUnaTop BbinonHeH b BMAe U-o6pa3Hoii nernvi cb«3m, npn 3tom b oo/iac™ nyMHOCTW 
ycraHOBMBtuevtCfl BHyrpn pe30HaTOpa crojmefi bodhm napan/ienbHo aneKTpMHecKOMy Betaopy pacnonoweH ynacroK neT/in cb*3m, coeAHHHfomviii napan/ienbHbie ee 



9. ycTpoiiCTBo no nio6oMy M3 nn.2 - 5 m 7, OTnMMawineec* TeM, mto MHwunaTop M3omyT b BMAe AByx nepneHAHKynapHo coeAM HeH h bix npaMonwHeMHbix OTpe3KOB, 
npw 3tom AJiMHa ero oTpesica, pacnono*eHHoro BHyTpw pe30HaTopa napannanbHo aneinpHMecKOMy BeicTopy, paBHa \ /A. 



10. ycTDOMCTBO no nroooMy M3 nn.2 - 9, oTnuwaiomeecfl TeM, mto MHimwaTop Bbino/iHeH b B^e TpyoonpoBOAa h KOHei* ero, HaxoAfliMMMCfl b pe30HaTope BWBeAeH 
M3 Hero m noAKHKJHeH k CMcreMe noAami ra3a. 

11. ycrpoMCTBo no n.10, oTnwMarcmeecfl TeM, hto KOHeq HHMuwaTopa, pasMemeHHbitf BHyrpw paspnAHOii KaMepu, cHaSweH cohjiom M3 TyronnaBKoro MaTepnajia. 

12. ycrpoMCTBo no n.10 mjim 1 1, OT/iMHaiotneecH TeM, mto Ha KOHeq MHMUMaTopa, pa3MemeHHbift BHyTpM pa3p*AHOM KaMepw, HaAeTa Tpy6ica M3 AManeKTpMMecKoro 
MaTepwana c bwcokom TeMnepaTypow n/iaBJieHMfi m hm3kmmm noTepnMM SHeprviM Ha CBM. 

13. ycTpowcTBo no n.12, OTniiMaiomeeca TeM. mto Tpy6ica, HaAeTas? Ha pa3MemeHHbiM BHyrpn pa3p*AH0M xaMepw kohcm MHHLinaTopa, BbinonHena M3 KBapua. 

14. ycTpoMCTBo no zifOOOMy M3 nn.2 - 12, oTrmnaiomeeca TeM, mto pa3p«AHaa icaMepa BbinonHeHa b BMAe minnHApa, KoaKCuanbHoro c Hacrbio nHMunaTopa, 
pacnonoxceHHOM b new. 

npnopHTeT no nyHKTaM: 
25.05.99 no nn.1,2, 4, 7; 
07.04.99 no nn.3, 5, 6,8-14. 
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(54) METHOD OF PLASMA GENERATION AND A DEVICE FOR ITS 
IMPLEMENTATION 

The field of the invention if plasma technology, specifically, means of plasma generation by 
using external microwave electromagnetic fields. Its purpose is to be used in low-power and 
easily transported setups generating microwave plasma, which can be used in a wide spectrum of 
applications, e.g., plasma treatment of material surfaces, ecological removal of hazardous 
admixtures from industrial and household wastes, medicine and biology, etc. The essence of the 
invention is that oscillations are excited at the frequency corresponding to the resonance 
frequency of the system formed by a source of microwaves (magnetron) (1) and a resonator (3). 
Antinodal areas of the stabilized standing wave are found, as well as the direction of oscillations 
of the electric vector in the resonator, which is connected with the discharge chamber (6). Strong 
coupling between the resonator and the discharge chamber is arranged. The distribution of the 
electromagnetic field in the discharge chamber is analyzed, and the antinodal areas are fixed. 
The initiator (4) is placed in an antinodal area of the resonator and the discharge chamber and 
oriented relative to the oscillations of the electric vector in the resonator. Afterwards, oscillations 
are excited at the frequency corresponding to the resonance frequency of the "microwave source 
- resonator - initiator - discharge chamber" system, and the intensity of the electromagnetic field 
is increased to a value exceeding the breakdown intensity for the gas filling the discharge 
chamber. Thus, a discharge is initiated and plasma is generated due to the effect of microwaves. 
The technical outcome is that stability and steadiness of generation of the discharge is ensured to 
form a continuous plasma flow in any gas medium. 
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The invention is related to the field of plasma technology, specifically, means of generation of 
plasma with the use of external microwave electromagnetic fields, and is intended for the use in 
low-power and easily transported setups generating plasma. Such setups can be used in various 
fields, e.g. plasma processing of material surfaces, ecological removal of hazardous admixtures 
from industrial and household wastes, medicine and biology, etc. 

An important precondition for efficient application of the microwave discharge plasma in 
practice is the stability of its generation at the lowest achievable levels of the intensity of the 
wave's electric field both in the pulsed and continuous generation regimes. No stability in 
plasma generation makes it nearly impossible to use plasma in technological . applications, 
whereas operations at high levels of electric fields requires the use of high-power, expensive 
microwave setups, which have reduced operational lives and work, as a rule, in isolated boxes 
that protect the operators against X-rays and microwaves. 

To use these methods, plasmatrones are generally used, which contain a microwave generator 
and a waveguide to transfer the power to the area where the plasma is generated and maintained 
[Powder Metallurgy and Coating Deposition, Ed. B.S. Mitin, Metallurgy, Moscow, 1987, 
p. 631; US Patent N 4370539, IPC B 23 K 9/16, NPC 219/121PW, application date 07.10.80, 
published on 25.10.83; US Patent 5210392, IPC B 23 K 9/00, NPC 219/125.52, application date 
07.1 1.90, published on 11.05.93]. 

These areas can be a vacuum chamber, a resonator, or just a tube crossing the waveguide. 

Such setups require special ways of initiating the plasma discharge, e.g., reducing the gas 
pressure to the breakdown value, moving the electrodes closer to each other, feeding a spark 
externally to the area of plasma formation, or short-circuiting the electrodes directly. All these 
way makes it possible to achieve multiple initiation, but their use results in fast destruction of the 
electrodes. 

The burning of the plasma in such setups is unstable: if it goes extinct, the discharge should be 
initiated again externally to ignite it. 

Moreover, most of such systems are bulky, and their operation requires such instruments as a 
vacuum system, a power unit to achieve high intensity of microwaves, and means of microwave 
protection, which complicates their use, especially in such fields as medicine, jewelry 
manufacture, etc. 

There is a known method of plasma generation, when an electromagnetic microwave is used to 
create an initiated discharge in a gas medium and to generate plasma. Stable generation of 
plasma in a gas medium affected by an electromagnetic microwave takes place when the 
intensity of the electric field of the wave exceeds the threshold of the ignition of a self-sustained 
discharge (High-Pressure Microwave Discharge in Beams of Electromagnetic Waves. Coll. 
papers, Gorky, 1988, p. 141-142). 

To realize this method, an initiator is placed in the plasma formation area. The use of the initiator 
lowers the plasma generation threshold by several times depending on the gas pressure. At the 
same time, the spatio-temporal stability of microwave discharge reproduction is often rather 
unsatisfactory. This undesirable property of the initiated discharge is most pronounced at 
reduced levels of the intensity of the microwaves* electric field and hinders practical use of the 
discharge plasma with the characteristics in the area of unstable plasma generation. 

Another known method of plasma generation is that an initiated discharge generating plasma is 
created in a gas medium by means of an electromagnetic microwave. After the discharge is 
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created, the obtained discharge structure is fixed, the recurring element of the structure is singled 
out and an initiator is placed in the plasma formation area, with its geometric parameters and 
shape being identical to the recurrent element of discharge structure at the fixation moment. 

This method is realized by using a device containing a microwave oscillator, a gas-filled 
discharge chamber, and an initiator placed in it, whose shape and geometric parameters are 
chosen identical to the discharge structure elements [RF patent N 2046559, IPC H 05 H 1/46, 
appl. 30.12.92, publ. 20.10.95. EH N 29]. This method makes it possible to make the breakdown 
threshold much lower, but for the pressures in the gas discharge chamber being about the 
atmospheric one or exceeding it, it is necessary to apply very high intensity of the electric field 
and, therefore, feed in very strong power to initiate a gas discharge under high pressures. 

Besides, it is necessary to change the initiator configuration each time the working gas or its 
operating pressure are changed, which makes its practical application much more difficult. 

The task of this invention is to ensure stability and steadiness of generation of the discharge to 
form a continuous plasma flow in any gas medium by automatically restoring the plasma 
initiation cycle at any gas pressure while using low-power sources of microwave radiation. 

Following the known method of plasma generation by initiating a discharge in a gas medium by 
means of an electromagnetic microwave, this task is solved by the use, of a low-power source of 
microwaves. The intensity of the electromagnetic field of the source is increased using a volume 
resonator. Strong coupling between the source and the resonator is arranged. Oscillations are 
excited at the frequency corresponding to the resonance frequency of the system formed by the 
source of microwaves and the resonator. Antinodal areas of the stabilized standing wave are 
found, as well as the direction of oscillations of the electric vector in the resonator, which is 
connected with the discharge chamber. Strong coupling between the resonator and the discharge 
chamber is arranged. The distribution of the electromagnetic field in the discharge chamber is 
analyzed, and the antinodal areas are fixed. The initiator is placed in the antinodal area of the 
resonator and the discharge chamber, and oriented relative to the oscillations of the electric 
vector in the resonator. Afterwards, oscillations are excited at the frequency corresponding to the 
resonance frequency of the "microwave source - resonator - initiator - discharge chamber" 
system, and the intensity of the electromagnetic field is increased to a value exceeding the 
breakdown intensity for the gas filling the discharge chamber. Thus, a discharge is initiated and 
plasma is generated due to the effect of microwaves. 

Along with that, the task is solved by adding a volume resonator to the device, which realizes the 
above plasma generation method and contains a microwave source, a gas-filled discharge 
chamber and an initiator installed in the chamber and made of an electric-conducting material. 
The initiator is installed simultaneously in the cavities of the discharge chamber and the 
resonator, and one end of the initiator in the discharge chamber is situated in the antinodal area 
of the standing wave stabilized in the discharge chamber, and the other end is placed in the 
resonator in the antinodal area of the standing wave stabilized in the resonator. A magnetron is 
used as a microwave source, with the frequency corresponding to the resonance frequency of the 
volume resonator. The emitting element of the microwave magnetron is situated in the volume 
resonator. 

An optimal increase in the intensity of the electric field can be achieved when the end of the 
initiator, which is placed in the resonator, is oriented parallel to the direction of oscillations of 
the electric vector. 

In this case, the initiator can be chosen such that the end of the initiator in the resonator is either 
connected, or not connected with its current-conducting surface. In the latter case, its diameter is 
at least twice as long as the diameter of the end of the initiator in the discharge chamber, and its 
length is chosen from the ratio 
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L = nX/2+X/4, 



where L is the total length of the initiator, X is the length of the microwave in free space and n = 
0,1,2.... v ' 

The initiator may have any form, but for the sake of manufacture simplicity, it can be made 
rectilinear or curvilinear, e.g., made as an U-shaped coupling loop. In this case, the section of 
the coupling loop connecting its parallel branches is situated in the antinodal area of the standing 
wave stabilized in the resonator, and its length is equal to AA4. 

The initiator can be manufactured in the form of two rectilinear sections joined perpendicularly, 
and the length of its section placed in the resonator parallel to the electric vector is equal to X/4. 

If the device is used as a tool for plasma deposition of coatings on, e.g., surfaces of a cutting 
tool, the initiator can be made as a pipeline, with its end within the resonator led out of it and 
connected to the gas-feeding system. 

To form a plasma jet, the end of the pipeline-shaped initiator in the discharge chamber can be 
equipped with a nozzle made of high-melting material, or capped with a tube made of a dielectric 
material having a high melting temperature and low microwave energy losses, e.g., quartz. 

To simplify its structure, the discharge chamber can be made as a cylinder, which is coaxial with 
the section of the initiator placed in it. 

Contrastive analysis showed that the claimed solution differs from the prototype in that 
oscillations are excited at the frequency corresponding to the resonance frequency of the system 
formed by the source of microwaves and the resonator. Antinodal areas of the stabilized standing 
wave are found, as well as the direction of oscillations of the electric vector in the resonator, 
which is connected with the discharge chamber. Strong coupling between the resonator and the 
discharge chamber is arranged. The distribution of the electromagnetic field in the discharge 
chamber is analyzed, and the antinodal areas are fixed. The initiator is placed in the antinodal 
area of the resonator and the discharge chamber, and oriented relative to the oscillations of the 
electric vector in the resonator. 

By contrast, in the device a microwave magnetron is used as a microwave source, and the 
initiator is situated simultaneously in the cavities of the resonator and the discharge chamber, 
which makes it possible to make a conclusion about the compliance with the novelty criterion. 

The essence of the invention is as follows. 

As is known, discharge initiation requires a significantly higher intensity of the electric field as 
compared with the maintenance of the discharge burning (sometimes, by several orders of 
magnitude), therefore relatively high-power sources of microwaves are generally used to 
generate plasmas. 

If one uses a low-power microwave source, e.g., a microwave magnetron, than at the stage 
preceding the discharge initiation, one has to raise the intensity to the required level. To do this, 
the setup has to be supplemented with a storage of microwave energy, which can be a volume 
resonator. However, in this case, the problem of tuning the resonator and the microwave source 
to the same resonance frequency arises. 

There are known methods of tuning and stabilizing the magnetron frequency with a hollow 
resonator. In this case, additional resonance states appear in the resonance system of the 
magnetron for any character of the coupling of the magnetron anode unit with the resonator 



[D.V. Samsonov, Basics of Calculating and Designing Magnetrons, Sovetskoye Radio, Moscow, 
1974, p. 167-194]. 

In this case, in accordance with the "minimal scattering" principle, the oscillations of the 
magnetron-resonator system are excited at the frequency, at which the achieved ratio of the 
stored energy to the total energy of period losses is maximal, i.e., at the frequency, at which the 
Q-factor of the system is maximal. Since the Q-factor of the inherent resonance system of the 
magnetron is much lower than the Q-factor of the volume resonator, the oscillations will be 
excited at the resonance frequency of the system formed by the magnetron and the resonator. In 
this case, certainly, this frequency should be made close to the operating eigenfrequency of the 
magnetron. The degree of this "closeness" depends on a specific type of the used magnetron and 
the degree of its coupling with the resonator. 

This means that if the magnetron has strong coupling with the volume resonator and their natural 
resonance frequencies coincide with the accuracy of the order of several percent (not more than 
10%), the oscillations will be excited at the resonance frequency of the system without the use of 
any mechanical means for frequency adjustment. 

To lower the threshold of plasma generation and reduce the power level, an initiator is installed 
in the plasma formation area. The initiator is used also to ensure strong coupling in the system 
"microwave magnetron-resonator/discharge chamber". This is achieved by installing it in the 
cavities of both the resonator and the discharge chamber. 

Strong coupling in the system "microwave magnetron-resonator" can be arranged, e.g., by 
positioning the emitter of the microwave magnetron in the resonator. 

This regime of the system operation can be maintained only when a high Q-factor of the entire 
system (magnetron-volume resonator-entire discharge chamber) is ensured. To do this, one has 
to eliminate any energy losses in the system (e.g., for outgoing radiation) excluding unavoidable 
losses due to finite conductivity of the resonator walls at the stage of energy accumulation. 

If all these conditions are fulfilled, energy starts to accumulate in the volume resonator, and a 
standing wave is formed, which has a maximum and a minimum of the electric-field intensity. 
Their distribution depends on the specific type of the volume resonator (cylindrical, coaxial, 
rectangular one, etc.) and the type of excited oscillations. 

In this case, the intensity of the electric field at the points where the maxima are situated (so 
called "antinodes") exceeds significantly the intensity of the field developed by the magnetron in 
the case of free-space radiation. For high-Q-factor resonators, the increase in the field intensity 
can be very large, about 100 times and more. 

In usual schemes of using volume resonators for microwave breakdown, after the breakdown 
intensity is achieved, a gas discharge begins, which propagates over the entire volume of the 
resonator. 

The position of the initiator in the cavities of the resonator and the discharge chamber makes it 
possible to avoid radiation from the discharge chamber into the outer space at the pre-discharge 
stage and ensure strong coupling between the resonator and the discharge chamber, which results 
in establishment of its own standing wave in the discharge chamber. 

Numerous experiments showed that when the end of the initiator situated in the discharge 
chamber gets into the antinodal area of the standing wave formed in it, the discharge happens 
near the end of the initiator, i.e., where the inhomogeneity of the field is maximal. 



The spatial distribution of the antinodes of the electric field in the discharge chamber is 
determined by the shape and dimensions of the discharge chamber. 

Since the end of the initiator in the resonator is situated in the area of the high-intensity field, it is 
necessary to take special measures to prevent a discharge near this end of the initiator. To do 
this, one can, e.g., make the diameter of the initiator end in the resonator at least twice as long as 
the diameter of the initiator end in the discharge chamber. 

A greater length of the diameter makes it possible to reduce the field gradient near the initiator 
surface and increase proportionally the field intensity required for the gas breakdown in the 
resonator, i.e. to increase the electric strength of the resonator. 

After initiation, the discharge is localized near the end of the initiator and does not propagate to 
other regions of the discharge chamber or the resonator. 

The presence of the initiator and the discharge chamber introduce some changes into the inherent 
resonance frequency of the "magnetron-volume resonator" system. However, since there is 
almost no radiation from the system, the Q-factor of the system formed by the magnetron, 
resonator, initiator, and the discharge chamber remains high. 

The microwave magnetron "self-tunes" to the frequency corresponding to the resonance 
frequency of the system "magnetron-resonator-initiator-discharge chamber". Since there is 
strong coupling between the microwave magnetron and the resonator on the one hand, and 
between the resonator and the discharge chamber, on the other hand, the radiated energy is 
transmitted efficiently into the area of plasma burning. 

After the discharge is excited, the formed plasma starts absorbing energy fast, which results in a 
sharp drop in the Q-factor of the entire system. Oscillations at its working eigenfrequency 
become more expedient for the magnetron energy-wise, the magnetron becomes tuned to this 
frequency, and further, the energy is radiated at this frequency. 

In this case, if the discharge fails due to some reason, the Q-factor of the whole system will be 
restored after a very short time. The magnetron will become retuned, new accumulation of the 
energy will occur, and the discharge will appear at once. The time gap for discharge restoration 
is so short (-1CT 6 s) that it does not affect the stability of operation of the system as a whole. The 
initiation of a new discharge occurs almost automatically, which makes it possible to obtain a 
stable self-initiating plasma discharge. It can also be obtained in air under the atmospheric 
pressure and does require a high-power microwave generator. 

To localize the discharge in the volume out of the resonator, which is the gas-filled discharge 
chamber, an initiator is situated in the resonator, in the antinodal area of the electric field, 
parallel to the electric vector. The second end of the initiator is led to the discharge chamber. 

This position of the initiator makes it possible to lower the breakdown threshold and achieve 
initiation of the discharge near the end of the initiator in the discharge chamber. 

The operation of the device, which implements the method, is explained in the drawings, where 
Fig. 1 shows the version of the device, in which the initiator is a rectilinear conductor, Fig. 2 
shows the version, in which the initiator is a U-shaped coupling loop, Fig. 3 shows the version, 
in which the initiator is bent in the form of two perpendicularly joined rectilinear pieces, Fig. 4 
shows the version, in which the discharge chamber is installed coaxially with the end of the 
initiator in it, and Fig. 5 shows the version, in which the end of the initiator in the resonator is not 
connected with its current-conducting surface, and its diameter is at least twice as long as the 
diameter of the end of the initiator in the discharge chamber. 



The device contains microwave magnetron 1 with its emitter 2 situated in the cavity of volume 
resonator 3. In the same cavity, initiator 4 is installed. One end (5) of the initiator is in discharge 
chamber 6 and is capped with nozzle 7 and tube 8 made of a dielectric material having a high 
melting temperature and low microwave energy losses. The other end of the resonator (9) is led 
out of the resonator cavity and connected to the gas-feeding system. d 2 and d\ are the diameters 
of the initiator ends situated in resonator 3 and discharge chamber 6, respectively (Fig. 5). 

Variants of invention realization 

The device operates as follows. 

After high-voltage is fed to magnetron 1, the frequency corresponding to the resonance 
frequency of the system "magnetron 1 - resonator 3 - initiator 4 - discharge chamber 6" 
stabilizes during a very short time (~10~ 8 s). 

Then, energy is accumulated during ~10~ 6 s until the threshold intensity is achieved. Near end 5 
of initiator 4 in discharge chamber 6, a discharge is ignited. The microwave energy emitted by 
radiation source 2 of magnetron 1 is absorbed in the formed plasma. Nozzle 7 and dielectric tube 
8 together with the gas feeding system form a plasma jet. If the discharge fails, the initiation 
process repeats automatically. 

Since the initiator acts simultaneously as an element ensuring strong coupling between the 
resonator and the discharge chamber, its dimensions should ensure optimal conditions for energy 
transfer to the discharge burning area after initiation. Numerous experiments showed that the 
best results are achieved when the initiator length is chosen basing on the ratio 

L = nX/2+X/4 (1), 

where L is the total length of the initiator, X is the length of the microwave in free space, and n = 
0,1,2.... 

In this case, the initiator can be made as a rectilinear conductor oriented parallel to the electric 
field vector. 

Since the disposition of the antinodes of the electric field in the discharge chamber depends on 
the shape and dimensions of the discharge chamber and in the general case does not coincide 
with the position of the initiator end, it is necessary to adjust the length of the initiator for an 
arbitrarily shaped discharge chamber. For a rectilinear initiator, this can contradict the 
requirement of the optimal length L. 

The best variant is one where the initiator is made as an U-shaped coupling loop or bent in the 
form of two joint perpendicular rectilinear pieces. In this case, the length of its section set in the 
resonator parallel to the electric vector is equal to 7J4. 

The optimal conditions for the energy transfer are achieved when the length of the initiator 
section being at the antinode of the electric field of the resonator parallel to the electric field 
vector is X/4. 

When the device is used for ionization, heating, and outputting a plasma flow in the form of a 
plasma jet, a metal initiator can be made as a pipeline. In this case, its end connected electrically 
with the surface of the resonator is led through the resonator wall and connected to the gas- 
feeding system. 



To set the speed and shape of the plasma jet, a nozzle made of a heat-resisting material can be 
installed on the initiator end in the discharge chamber. At the same time, it prevents the 
destruction of the initiator end by the formed high-temperature plasma. 

In order to form the plasma jet, the initiator end can be capped with a tube of high-melting 
dielectric material having low microwave losses, e.g., quartz. Such a tube can be set on the 
initiator end even in the version with the nozzle. 

The problem of thermal loads, which are produced by the plasma jet, on the walls of the 
dielectric tube can be solved using standard ways, e.g., by warping the plasma jet around its axis, 
blowing off the tube externally, etc. 

Industrial application 

In the cylindrical resonators, which are used generally and excited at the TM010 mode, the 
intensity of the electric field in the center of the resonator (see A. McDonald, Microwave 
Breakdown in Gases (in Russian), Mir, Moscow, 1969, p. 167) is 



where Pq is the power of the magnetron radiation, Q is the resonator Q-factor, co 0 is the angular 
velocity of the microwave radiation, and 

ti = 0.27-80- V, (3) 

where so = 8.85* 10~ 12 F/m is the dielectric permittivity in vacuum, and Vis the volume of the 
resonator, which is usually chosen to equal V ~ A, 3 , where A. is the length of the wave of 
microwave radiation in free space. 

Using formula (2) in calculations, one can select a volume resonator with a relatively low Q- 
factor (0 while ensuring relatively high intensity in the center of the resonator. 

For example, for P 0 = 1 kW, <dq/2h = 2.45 GHz, V= 1 litre, and Q = 10 3 , the intensity E 0 of the 
electric field is about 160 kV/cm. To compare, the breakthrough intensity for air under the 
atmospheric pressure is about 30 kV/cm. 

Example of actual application 

A magnetron with a power supply from a consumer microwave oven was used. It had the power 

P = 800 W and the frequency /= (OqI2% = 2.45 GHz. This made it possible to use a resonator 
made of, e.g., copper with its volume V= 0.7 litre for A, = 12 cm. 

The discharge chamber was made as a cylinder coaxial with the end of the initiator situated in it. 
The initiator end was capped with a molybdenum nozzle and a dielectric quartz tube. The 
operating gas was air under the atmospheric pressure. 

The temperature of the plasma jet formed in this configuration reached 4500°C. No initiator 
erosion was observed for two hours of the device operation. 

A feature of the device is high stability of its operation. If the plasma is quenched, the discharge 
is initiated automatically with a small power consumption. The device can be fed by the ordinary 
consumer electric mains. 




Other features of the device is its small size and simplicity of its design, since it contains no 
mechanically moving details. 



All this makes it possible to implement the method using this device in many spheres, e.g. for 
cutting and welding of any metals (even tungsten) and for deposition of coatings of heat-resisting 
materials. Small dimensions of the device allow using it in such fields as medicine, dentistry, and 
jewelry. 

FORMULA OF INVENTION 

1 . Method of plasma generation by initiating a discharge in a gas medium by means of an 
electromagnetic microwave, which differs in that a low-power source of microwaves is 
used. The intensity of the electromagnetic field of the source is increased using a volume 
resonator. Strong coupling between the source and the resonator is arranged. Oscillations 
are excited at the frequency corresponding to the resonance frequency of the system 
formed by the source of microwaves and the resonator. Antinodal areas of the stabilized 
standing wave are found, as well as the direction of oscillations of the electric vector in 
the resonator, which is connected with the discharge chamber. Strong coupling between 
the resonator and the discharge chamber is arranged. The distribution of the 
electromagnetic field in the discharge chamber is analyzed, and the antinodal areas are 
fixed. The initiator is placed in the antinodal area of the resonator and the discharge 
chamber, and oriented relative to the oscillations of the electric vector in the resonator. 
Afterwards, oscillations are excited at the frequency corresponding to the resonance 
frequency of the "microwave source - resonator - initiator - discharge chamber" system, 
and the intensity of the electromagnetic field is increased to a value exceeding the 
breakdown intensity for the gas filling the discharge chamber. Thus, a discharge is 
initiated and plasma is generated due to the effect of microwaves. 

2. Device to realize the method of plasma generation following Par. 1, which contains a 
microwave source, a gas-filled discharge chamber, and an initiator installed in the 
chamber and made of a current-conducting material. The device differs in that it is 
supplemented with a volume resonator, and the initiator is installed simultaneously in the 
cavities of the discharge chamber and the resonator. In this case, the end of the initiator in 
the discharge chamber is situated in the antinodal area of the standing wave stabilized in 
the chamber, and the other end is situated in the resonator, in the antinodal area of the 
standing wave stabilized in it. The microwave source is a microwave magnetron with its 
operating frequency corresponding to the resonance frequency of the volume resonator. 
The emitting element of the microwave magnetron is situated within the volume 
resonator. 

3. Device following Par. 2, which differs in that the end of the initiator in the resonator is 
electrically connected with the conducting surface of the resonator. 

4. Device following Par. 3, which differs in that the end on the initiator in the resonator is 
not connected with the conducting surface of the resonator, and its diameter is at least 
twice as long as the diameter of the initiator end in the discharge chamber. 

5. Device following any of Pars. 2 through 4, which differs in that the length of the 
resonator is chosen basing on the relationship L = «A/2+A,/4, where L is the total length of 
the resonator, X is the length of the microwave in free space, and n = 0, 1,2... . 

6. Device following any of Pars. 2 through 5, which differs in that the initiator is made 
rectilinear. 

7. Device following any of Pars. 2 through 5, which differs in that the initiator is made 
curvilinear. 
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8. Device following any of Pars. 2 through 5 and 7, which differs in that the initiator is 
made as a U-shaped coupling loop, the section of the coupling loop connecting its 
parallel branches is situated in the antinodal area of the standing wave stabilized in the 
resonator, and the length of this section is equal to A/4. 

9. Device following any of Pars. 2 though 5 and 7, which differs in that the initiator is bent 
as two rectilinear sections joint perpendicularly, and the length of the section situated in 
the resonator parallel to the electric vector is equal to A/4. 

10. Device following any of Pars. 2 through 9, which differs in that the initiator is made as a 
pipe and the end in the resonator is led out of it and connected to the gas-feeding system. 

11. Device following Par. 10, which differs in that the end of the initiator in the discharge 
chamber is equipped with a nozzle made of a heat-resistant material. 

12. Device following Pars. 10 or 11, which differs in that the end of the initiator in the 
discharge chamber is capped with a pipe made of a dielectric material having a high 
melting temperature and low microwave energy losses. 

13. Device following Par. 12, which differs in that the pipe fit on the initiator end in the 
discharge chamber is made of quartz. 

14. Device following any of Pars. 2 through 12, which differs in that the discharge chamber 
is made as a cylinder coaxial with the section of the initiator situated in it. 

Priority of paragraphs: 

25.05.99, for Pars. 1, 2, 4, and 7; 

07.04.99, for Pars. 3, 5, 6, 8-14. 
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